A new method to identify voltage sag sources in power distribution network with harmonic is proposed, this method use the theory of EMD to decompose the voltage signals, and obtain a series of IMF. For different voltage sag sources, the IMF's complexities are not the same, so the concept of the EMD energy entropy character is proposed to measure these complexities. The analysis results show that the EMD energy entropy of three-phase voltage for transformer energization is largest; the single phase grounding fault is second; the induction motor starting is minimum, and is close to the normal voltage signals. Finally, combing with PNN to classify and identify voltage sag sources in power distribution network with harmonic, lots of simulation results show that the proposed method in this paper has a high accuracy, and is significantly better than BPNN classifier.
Introduction
As an IEEE definition, the voltage sag or voltage drip is defined as the short duration decrements (between 0.1pu~0.9pu) in voltage amplitude from one-half to several seconds [1] . In recent years, an increasing number of high capacity impact loads and new energy generators in power grids cause voltage sag problems, which have made the electric power departments and customers attach great attention to the power quality problems.
The researches of voltage sag problems mainly include the following several aspects: The harm of voltage sag [2] , the analysis and detection of voltage sag [3] [4] , the classification and identification of voltage sag sources [5] [6] and the setting of the location of voltage sag monitor [7] [8] . The classification and identification of voltage sag sources is helpful to remove the faults timely, reduce economic loss, allocate and manage the responsibility of voltage sag.
Currently, the major researches about classification and identification of voltage sag sources are as followings. The method proposed in [9] is based on the amplitude of voltage sag, whether the voltage jumps and phase voltages are balanced at the termination of voltage sag and. In [10] , uses wavelet entropy as the characteristic of voltage sag signals, and is input into PNN to implement automatic identification of voltage sag sources. A combination of HHT and wavelet energy spectrum to classify the voltage sag sources in [11] , this method is simply and reliably, has high accuracy and stronger practicability. In [12] , by use of the Mam-dani fuzzy reasoning, and then selects good criterion, finally classifies the voltage sag sources.
There are few existing literatures to research the voltage sag sources in distribution network with harmonic, but the great deal of harmonic may make these methods lose efficacy and can't effectively classify and identify the voltage sag sources.
Therefore, based on the above analysis, firstly, the model of distribution network with harmonic is built in this paper, and the characteristics of voltage sag signals are analyzed. Then the concept of the EMD energy entropy is proposed to describe these characteristics, finally, combing with PNN to classify and identify voltage sag sources in power distribution network with harmonic, lots of simulation results show that the proposed method in this paper has a high accuracy.
Distribution Network Model with Harmonic
The distribution network model with harmonic is shown in Fig.1 . In actual power grid, the even order harmonic components are relatively few, so this paper only considers odd harmonics. The fundamental amplitude and frequency of power supply voltage is 110 kV, 50Hz; and also includes 5% of each 3, 5, and 7 harmonics, 2% of each 9, 11, and 13 harmonics in Fig.1 . 
The Analysis of Voltage Sag Signals in Distribution Network Model with Harmonic
Voltage sag sources mainly include short-circuits fault, induction motor starting and transformer energization, etc. The characteristics of voltage sag signals caused by different voltage sag sources are different; the prime problem of accurate identification of voltage sag sources is how to obtain to the characteristics to represent these signals.
(1)Short-circuit fault In actual power grid operation, the possible short-circuit fault types are: single phase grounding fault, two phase short circuit and three-phase short circuit. Most of the short-circuit faults in distribution network is single phase grounding fault, which is the main reason for voltage sag, so the main research of short-circuit faults is single phase grounding fault. When A-phase ground fault occurs on F point in Fig.1 , three-phase voltage sag waveform which is measured on M1 point is shown in Fig.2 . ①Voltage sag waveforms have a certain degree of distortion; ②The degree of voltage sag is serious, the voltage amplitude is lower, and usually less than 0.7 pu;
③The voltage amplitude changes in starting and ending time, and keeps unchanged during the voltage sag;
④The voltage amplitudes of three phases are not equal.
(2)Induction motor starting Currently, induction motors are widely used in industrial manufacturing and daily life, theirs electricity consumption accounts for about 60% of the total loads in power grid. The starting current of induction motor is larger than rated current four or five times, so it can induce impact on power grid, and then form voltage sag [11] . When the induction motor M 1 starts, three-phase voltage sag waveform measured on M1 point is shown in Fig.3 . ①Voltage sag waveforms have a certain degree of distortion; ②Voltage sag amplitude is not consistent, is usually higher than or equal to 0.85 pu; ③The recovery of voltage sag is gentle, no mutations; ④Voltage sag signals have high frequency harmonic in them.
The Method to Classify and Identify Voltage Sag Sources in Distribution Network Model with Harmonic
The proposed method in this paper to classify and identify voltage sag sources in distribution network with harmonic is based on EMD energy entropy and probability neural network (PNN); the detailed flow chart is shown in Fig.5 . (1) at any point, the mean value of the envelope defined by the local maxima and the local minima is zero; (2) the number of extreme and the number of zero crossings must either be equal or differ at most by one [13] . After the decomposition of voltage sag waveforms in Fig. 2~Fig.4 , the voltage sag signals meet the two constraints, so the voltage sag signals can be decomposed by EMD.
In addition, EMD absorbs the advantage of wavelet: multiresolution, avoids the problem of wavelet to determine decomposition scale and select wavelet base, is adaptive, thus it can well analyze the nonlinear and non-stationary voltage sag signals [14] . The process of decomposing voltage sag signals by EMD is as following. ①Find out all the extreme value points of voltage sag signal s(t), and then respectively get the above and below envelopes of voltage sag signals by Spline function; Calculate the average of above and below envelopes, and get the average envelope m 1 (t), the signal s (t) minus m 1 (t), finally, get new time series h 1 (t).
(t) satisfies the two constraints, it is the first-order IMF component of s (t).
②Generally, h 1 (t) can't be a stable data sequence, So the decomposition steps above are repeated. The process above is repeated k times until the average envelope approaches 0, get the first IMF component, notes for c 1 (t), at the same time, c 1 (t) is the highest frequency component obtained by EMD decomposition. 
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When r n (t) is a monotonic function, decomposition process is terminated, the voltage sag signal s(t) can be described by formula (5) Fig.2 ~ Fig.4 can acknowledge, because of different voltage sag sources, the corresponding voltage waveforms are different, so are the IMF. Therefore, it needs some characteristics to describe these complexities of voltage sag signals; herein, the concept of the EMD energy entropy character is proposed [15] . Set E 1 、E 2 …E n as the energy of IMF components, which is obtained from EMD decomposition, and The characteristics of probabilistic neural network (PNN) are: fixed model, high training speed and can output the Bayes posterior probability, etc. It is a forward neural network, has a total of four layers, and its structure is shown in Fig.6 . (2)Mode layer The model of training samples in mode layer is corresponding to the EMD energy entropy vector x, the number of neurons is equal to the total number of training samples of voltage sag signals, the output of each neuron is:
In the formula above: i w is the connection weight between input layer and model layer;  is smoothing parameter. (3)Sum layer In sum layer, all the probabilities of certain voltage sag are added and multiplied by the price factor, then obtain the estimate probability density function of various voltage sag sources. The number of neurons in this layer is equal to the types of voltage sag sources, the types are corresponding to the units in sum layer, the units in sum layer only sum with the same type units in model layer, have no connection with other units.
(4)Output layer The output layer mainly performs the function of judgment and classifies the voltage sag sources, the neurons are also called competition neurons, which are corresponding to the types of voltage sag sources; the number of neurons are corresponding to types of voltage sag sources.
Therefore, the extracted EMD energy spectrum entropy of voltage sag signals is input into probability neural network and then can well realize the classification and recognition of voltage sag sources in distribution network with harmonic.
Simulation and Analysis
A. The extraction and analysis of the EMD energy entropy of voltage sag signals According to the simulation model in Fig.1 , respectively do the simulations as followings. The EMD energy entropy of the data in every group is calculated, which is shown in Fig.7 . Fig.7 above, the EMD energy entropy of voltage sag signals is bigger than normal voltage signals, this is because other than the harmonics considered in distribution network, there are also other high frequency components during the voltage sag, thus makes the voltage sag signals' uncertainty higher, and then makes the EMD energy entropy bigger. The detailed analysis is as following.
(1) The voltage sag caused by transformer energization: The three-phase's EMD energy entropy of this kind is bigger than the other two kinds'.
(2) The voltage sag caused by induction motor starting: The three phase voltages' EMD energy entropy of this kind is close to the normal voltages', and each phase voltage's EMD energy entropy is smaller than the other two kinds'.
(3) The voltage sag caused by single phase grounding fault: each phase voltage's EMD energy entropy of this kind is between the other two kinds'. The B phase and C phase's EMD energy entropy of this kind is bigger, but the A phase and C phase's EMD energy entropy of the voltage sag caused by transformer energization is bigger.
Therefore, the EMD energy entropy can be used to distinguish the three kinds of voltage sag sources, and can be used to classify and identify the voltage sag sources in distribution network with harmonic.
B. The classification and identification of voltage sag sources based on PNN PNN can be directly created by the function: net = newpnn (P, T, and S), which is provided by Matlab; in the function, P is the input vector (The EMD energy entropy of voltage sag signals), T is the target vector, S is the extension parameter. In this paper, the types of voltage sag sources are the output of PNN. The BPNN is used to compare with PNN in this paper; the BPNN's nodes of input layer and output layer are the same as PNN's.
For the voltage sag signals, 150 group's data are obtained from the three types of voltage sag sources, each type has 50 group's data. All the data are used to expand training the PNN (the parameter S is 0.01), after the completion of training, the remaining 150 group's data are input into PNN for testing; the same data are input into BPNN to train and test, the comparison results are shown in Tab.1.
Tab. From the test results above, the correct recognition rate of PNN is significantly higher than BPNN; The EMD energy entropy can well represents the characteristics of voltage sag signals in distribution network with harmonic, a combination of EMD energy entropy and PNN can well classify and identify the voltage sag sources.
Conclusions
For the classification and identification of voltage sag sources in distribution network with harmonic, the characteristics of three types of sag sources are analyzed, and the concept of the EMD energy entropy is proposed to describe these characteristics, finally, combining with PNN to classify and identify the voltage sag sources. The main conclusions are as followings:
1) The three-phase's EMD energy entropy of voltage sag source caused by transformer energizing is maximum; the single-phase grounding fault's is second; the induction motor starting's is close to the normal voltage's, and is smaller than the other two kinds'.
2) The three-phase's EMD energy entropy of three voltage sag sources has distinct characteristics, three voltage sag sources can be classified and identified by this.
3) The correct recognition rate of PNN is significantly higher than the BPNN's.
4) The correct recognition rate of voltage sag sources in distribution network with harmonic based on the combination of the EMD energy entropy and PNN is higher than 88%, and the proposed method in this paper can well classify and identify the voltage sag sources in distribution network with harmonic.
